(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
18 July 2002 (18.07.2002) 




PCT 



HlllligillllllllHllllUl 



(10) International Publication Number 

WO 02/055109 A2 



(51) International Patent Classification 7 : A61K 48/00, 
C07K 16/18, A61K 38/02, C12N 5/00, C07K 14/705 

(21) International Application Number: PCT/NL02/00025 

(22) International Filing Date: 15 January 2002 (15.0 1.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

01200123.6 



15 January 2001 (15.01.2001) EP 



(61) Related by addition to earlier applications or grants: 

CU Not furnished (ICA) 

Filed on Not furnished 

KP Not furnished (ICA) 

Filed on Not furnished 

(71) Applicant (for all designated States except US): 
ACADEMISCH ZIEKENHUIS LEIDEN [NL/NL]; 
Albinusdreef 2, NL-2333 ZA Leiden (NL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): TEN HAVE-OP- 
BROEK, Antonia, Arnolda, Wilhelmina (NL/NL]; Vin- 
cent van Goghiaan 59, NL-2343 RL Oegstgeest (NL). DE- 
STREE, Olivier, Hubert, Joseph [NL/NL]; Hoogstraat 
52, NL-1381 W Weesp (NL). 



(74) Agent: PRINS, A., W.; c/o Vereenigde, Nieuwe Parklaan 
97, NI^2587 BN The Hague (NL). 

(81) Designated States (national): AE, AG, AL, AM (provi- 
sional patent), AT, AT (utility model), AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU (inventor's 
certificate), CZ, CZ (utility model), DE, DE (utility model), 
DK, DK (utility model), DM, DZ, EC, EE, EE (utility 
model), ES, FI, FI (utility model), GB, GD, GE, GH (utility 
certificate), GM, HR (consensual patent), HU, ID, IL, IN, 
IS, JP, KE, KG (provisional patent), KP (inventor's certifi- 
cate), KR, KZ (provisional patent), LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MX, MN, MW, MX, MZ, NO, 
NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK 
(utility model), SL, TJ, TM (provisional patent), TN, TR, 
TT (utility certificate), TZ, UA, UG (utility certificate), US, 
UZ (provisional patent), VN, YU (petty patent), ZA, ZW 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 
ON 



_ (54) Title: GENERATION AND/OR REDUCTION OF NEW LUNG TISSUE IN AN AFFECTED LUNG 

(57) Abstract: The present invention provides a means to influence the formation and/or reduction of new lung cells, by influenc- 
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a composition comprising a nucleic acid capable of binding at least a functional part of a nucleic acid encoding a protein which 
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comprise a protein capable of binding at least a functional part of a protein which is involved in a Wnt-pathway in said cell, or at 
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Generation and/or reduction of new lung tissue in an 
affected lung 

The invention relates to the field of medicine/ more 
5 particularly to the treatment of lung diseases. 

Worldwide, much investigation has been done on lung 
cells and diseases which affect lung cells, for instance 
emphysema and lung cancer- Until now, however, there is 

10 no efficient treatment of emphysema and lung cancer. In 
case of emphysema, patients suffer from shortness of 
breath, in first instance only on exertion, later on also 
at rest. This symptom may be accompanied by coughing, 
often with mucus expectorated. In later stages of the 

15 disease, heart failure occurs due to low oxygen levels in 
the blood circulation, often presenting as swollen ankles 
and liver enlargement. Pulmonary symptoms can be reduced 
by bronchodilator therapy and by use of courses of oral 
steroids. End-stage disease is treated with 

20 supplementation of oxygen by nasal canula. There is no 
treatment for the underlying cause of the disease. 
Consequently, most attention is being paid to decrease or 
even stop the process of dying of lung cells. Although 
some result has been obtained by the use of inhaled 

25 steroids, the lung damage continues which causes a 

progressive decrease in function (Pauwels et al., 1999; 
Burge, 2000) , The problem is that even if said lung 
diseases can be counteracted, the lungs are already 
damaged by the disease. A solution to this problem would 

30 be the generation of new lung tissue. However, presently 
it is not possible to generate new lung tissue in a 
patient suffering from a lung disease. 

In case of lung cancer, there are means of 
counteracting growth of the tumor. However, presently 

35 there is no medication which decreases the number of 
tumor cells in every patient. Decreasing the number of 
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tumor cells is highly favorable , because that would 
actually cure the disease. Until now, there is no general 
effective treatment for all kinds of lung cancer. 

5 The present invention provides a new approach to * 

counteract diseases which affect lung cells. In one 
embodiment the invention provides a means to counteract 
diseases which decrease the number of lung cells. The 
present invention does not only decrease the number of 

10 dying or abnormal cells. The invention discloses the 

uncommon and surprising approach to influence the number 
of viable lung cells in an affected lung. If said number 
is increased, the lung is able to at least partially 
recover from damage caused by a disease which was not 

15 efficiently, if at all, possible before the present 
invention. 

The invention provides a way to influence the number 
of lung cells by influencing a Wnt-mediated signaling 
pathway (referred to in this disclosure as Wnt-pathway) 

20 in said cells. The Wnt gene family encodes 

developmentally important secreted factors, involved in 
cell growth, differentiation and organogenesis (Wodartz & 
Nusse, 1998). Wnt signaling events are initiated by 
receptor activation involving binding to the cysteine- 

25 rich domain (CRD) of frizzled 7 -transmembrane receptor 
protein (Fz) (Bhanot et al., 1996). A classical Wnt 
signal suppresses the activity of glycogen synthase 
kinase 3 (GSK-3) , leading to changes in phosphorylation 
and increased stability of the p-catenin protein in the 

30 cytoplasm (Hinck et al., 1994). p-catenin is essential 
for activating target genes in response to Wnt signaling 
(Miller & Moon, 1996; Willert & Nusse, 1998), since it 
complexes with HMG box transcription factors of the 
TCF/LEF family (Behrens et al., 1996; Molenaar et al., 

35 1996; Huber et al., 1996). It has been shown that the 
presence of proteins that are able to bind Wnt proteins 
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through the CRD likely antagonize their actions. Amongst 
these are the so-called secreted Frizzled-related (sFRPs) 
proteins (Leyns et al., 1997; Wang et al., 1997) and 
Dickkopf proteins. Dickkopf proteins are potent Wnt 
5 antagonists (Glinka et al., 1998). 

Components of the Wnt signaling pathway have been 
found to be present during organogenesis in the mouse 
(Roelink & Nusse, 1991; Buhler et al., 1993; Parr et al., 

10 1993; Christianses et al., 1995; Wang & Shackleford, 
1996; Cho & Dressier, 1998; Korinek et al., 1998; 
Leimester et al., 1998; Oosterwegel et al., 1993). 
Moreover, loss of function of Wnt and Wnt-related genes 
leads to abnormal development in the mouse (McMahon & 

15 Bradley, 1990; Monkley et al., 1993; Takada et al., 1994; 
Stark et al., 1994; Galceran et al., 1999; Liu et al., 
1999; Yamaguchi et al., 1999; Brisken et al., 2000; Lee 
et al., 2000). Several Wnts and components of the Wnt 
pathway are expressed in the murine lung in the course of 

20 its development (Gavin et al., 1990; Levay-young et al., 
1996; Katoh et al., 1996; Lako et al., 1998; Zakin et 
al., 1998; Imai & D'Armiento, 1999). This shows that Wnt 
signaling is important for normal lung morphogenesis. 

25 In one aspect the present invention provides a 

composition capable of influencing the proliferation 
and/or differentiation behavior of an alveolar type II 
cell and/or an alveolar type II tumor cell from a lung, 
comprising a nucleic acid capable of binding at least a 

30 functional part of a nucleic acid encoding a protein 
which is involved in a Wnt-pathway in said cell, said 
binding influencing said Wnt-pathway. 

Alveolar type II cells arise at a specific stage of 
35 lung development as has been reported for the mouse (Ten 
Have-Opbroek, 1975; 1979; 1981; 1991) and other species 
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including humans (Otto-Verberne and Ten Have-Opbroek, 
1987; Otto-Verberne et al., 1988; Ten Have-Opbroek and 
Plopper, 1992) . In the mouse embryo r the lung primordium 
appears at about 9.5 days after conception (a.c.) (Ten 
5 Have-Opbroek, 1981; 1991) . It develops into the 

prospective trachea and two lung buds. The latter give 
rise to the primordial system of the right and left 
lungs , which is composed of primordial tubules lined by 
undifferentiated pseudostratif ied columnar epithelium. 

10 From 14.2 days a.c. onward, the primordial system 

differentiates into the prospective bronchial system and 
the prospective alveolar system (unit: pulmonary acinus). 
The pulmonary acinus consists of tubules called acinar 
tubules (Ten Have-Opbroek, 1979) . While the epithelium of 

15 the bronchial tubules is columnar, the epithelial lining 
of the acinar tubules is low-columnar or cuboid and 
composed of prospective alveolar type II cells (Ten Have- 
Opbroek, 1979; Ten Have-Opbroek et al., 1988). This is 
the so-called pseudoglandular period of lung development, 

20 which lasts until day 16.6 a.c. In later stages of lung 
development (i.e canalicular, terminal sac and alveolar 
periods), a further development of the bronchial and 
alveolar systems takes place, and the acinar tubules 
start to transform into derivative structures with a 

25 duct-, sac- or pouch-like shape. The epithelial lining of 
these structures now also contains flatter cells, which 
are prospective alveolar type I cells (Ten Have-Opbroek 
et al., 1990). Alveolar type II cells play an important 
role in the formation of the pulmonary acinus, because 

30 they are the only dividing alveolar epithelial cells and 
the stem cells for the alveolar type I cells. Alveolar 
type II cells are (one of the) predominant stem cells in 
the development of the two major subsets of non-small 
cell lung cancer, namely adenocarcinomas and squamous 

35 cell carcinomas (Ten Have-Opbroek et al., 1990; 1993; 
1994; 1996; 1997; 2000) . 
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Proliferation of an alveolar type II cell is defined 
as dividing of said cell, forming more cells. 

Differentiation of an alveolar type II cell is 
5 defined as changing of said cell into a mature alveolar 
type II cell, or into another kind of cell, said other 
kind of cell having for instance a different shape and/or 
function. One example is the change of an alveolar type 
II cell into an alveolar type I cell. 

10 

A composition of the invention may comprise a 
nucleic acid capable of binding at least a functional 
part of a nucleic acid encoding a protein which is 
involved in a Wnt-pathway in said cell. Said binding 

15 influences expression of said protein. This way, said 
binding influences said Wnt-pathway. 

Alternatively, a composition of the invention may 
comprise a protein which is capable of binding at least a 
functional part of a protein which is involved in a Wnt- 

20 pathway. Binding of a protein of the invention to said 
protein which is involved in a Wnt-pathway, changes the 
properties of said protein which is involved in a Wnt- 
pathway. This way, said Wnt-pathway is influenced. 

A composition of the invention may also comprise a 

25 protein which is capable of binding at least a functional 
part of a nucleic acid encoding a protein which is 
involved in a Wnt-pathway in said cell. Binding of a 
protein of the invention to said functional part of a 
nucleic acid influences expression of said protein which 

30 is involved in a Wnt-pathway in said cell. Said binding, 
for instance, inhibits expression of said protein. This 
influences the Wnt-pathway. 

Thus, another embodiment of the invention provides a 
composition capable of influencing the proliferation 
35 and/or differentiation behavior of an alveolar type II 
cell and/or an alveolar type II tumor cell from a lung, 
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comprising a protein capable of binding at least a 
functional part of a protein which is involved in a Wnt- 
pathway in said cell, or at least a functional part of a 
nucleic acid encoding a protein which is involved in a 
5 Wnt -pathway in said cell, said binding influencing said 
Wnt-pathway. 

A functional part of a nucleic acid is defined as a 
part which is essential for expression of a protein. Said 

10 functional part may for instance encode a functional 
part, derivative, and/or analogue of said protein, 

A functional part of a protein is defined as a part 
which has the same kind of properties as said protein in 
kind, not necessarily in amount. 

15 A functional derivative of a protein is defined as a 

protein which has been altered such that the properties 
of said derivative are essentially the same in kind, not 
necessarily in amount. A derivative can be provided in 
many ways, for instance through conservative amino acid 

20 substitution . 

A person skilled in the art is well able to generate 
analogous compounds of a protein. This can for instance 
be done through screening of a peptide library. Such an 
analogue has essentially the same properties of said 

25 protein in kind, not necessarily in amount. 

A composition of the invention may be used to 
generate more lung cells. This is for instance desirable 
if lung tissue has been damaged by a disease like 
30 emphysema. For more lung cells to be generated, a Wnt 
pathway may be upregulated. Thus in one aspect the 
invention provides a composition according to the 
invention, wherein said Wnt-pathway is upregulated. 

35 In other cases, however, it may be desirable to stop 

proliferation and/or differentiation of lung cells. This 
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is for instance true if an individual suffers from lung 
cancer. It has been found that several components of Wnt 
signaling are implicated in the genesis of human cancer 
(Morin et al., 1997, Rubinfeld et al., 1997) including 
8 lung cancer (Winn et al., 2000). Therefore, in another 
aspect, the present invention discloses a means of 
decreasing the amount of lung tumor cells by 
downregulating a Wnt -pathway in said tumor cells. 

10 A composition of the invention is capable of 

influencing the proliferation and/or differentiation 
behavior of an alveolar type II cell and/or alveolar type 
II tumor cell. Said cells may be located inside a body of 
a human or animal. However, other locations (in vitro) 

15 are possible. So in one aspect the invention provides a 
composition according to the invention, wherein said cell 
is located inside a body of a human or animal. 

Proteins which are involved in a Wnt-pathway in a 
20 lung cell are for instance secreted Frizzled-related 
proteins (sFRPs) and Dickkopf proteins (Dkks) . Said 
proteins counteract a Wnt-pathway, by binding to certain 
Wnt- or Wnt-related proteins and antagonizing their 
actions. So, in another aspect the invention provides a 
25 composition according to the invention, which is at least 
in part capable of inhibiting expression of at least one 
secreted Frizzled-related protein and/or Dickkopf 
protein. If said secreted Frizzled-related protein and/or 
Dickkopf protein is less expressed, less secreted 
30 Frizzled-related protein and/or Dickkopf protein will be 
present to counteract a Wnt-pathway. 

Expression of a secreted Frizzled-related protein 
and/or Dickkopf protein may be inhibited by a nucleic 
35 acid which is capable of binding to at least a functional 
part of DNA and/or RNA encoding at least part of said 
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secreted Frizzled-related protein and/or Dickkopf 
protein. Said nucleic acid may be an antisense strand. If 
said DNA and/or RNA encoding at least part of secreted 
Frizzled-related protein and/or Dickkopf protein is bound 
5 by an antisense strand, expression of secreted Frizzled- 
related protein and/or Dickkopf protein is, at least in 
part, inhibited. Thus in one aspect the invention 
provides a compound according to the invention , which at 
least comprises one antisense strand of at least a 
10 functional part of DNA and/or RNA encoding at least part 
of secreted Frizzled-related protein and/or Dickkopf 
protein. 

Alternatively, a Wnt-pathway may be influenced by 
15 influencing a Wnt-pathway inhibiting property of a 
secreted Frizzled-related protein and/or Dickkopf 
protein. Expression of secreted Frizzled-related protein 
and/or Dickkopf protein may remain the same in this case. 
In this case, the same amount of secreted Frizzled- 
20 related protein and/or Dickkopf protein may be present, 
but the Wnt-pathway inhibiting property of said protein 
has changed. Thus, in one aspect, the invention provides 
a compound according to the invention, which is capable 
of at least in part counteracting a Wnt-pathway 
25 inhibiting property of at least one secreted Frizzled- 
related protein and/or Dickkopf protein. 

A Wnt-pathway inhibiting property of a secreted 
Frizzled-related protein and/or Dickkopf protein can be 

30 changed by binding of a compound to said secreted 

Frizzled-related protein and/or Dickkopf protein. Binding 
of a compound to said protein can for instance alter the 
conformation of said protein. A person skilled in the art 
can think of many other ways how binding of a compound to 

35 a protein can change its properties. Thus, another aspect 
of the invention discloses a compound according to the 
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invention, which is capable of binding to at least one 
secreted Frizzled-related protein and/or Dickkopf 
protein. Said binding compound may be an antibody; So in 
yet another aspect the invention provides a compound 
5 according to the invention , which comprises an antibody 
comprising a binding specificity against a secreted 
Frizzled-related protein and/or Dickkopf protein, or a 
functional part, derivative and/or analogue of said 
antibody. A functional part, derivative and/or analogue 
10 is defined herein as disclosed above. 

We have demonstrated that expression of secreted 
Frizzled-related protein-1 (sFRP-1), sFRP-2, sFRP-3 and 
sFRP-4, and expression of Dickkopf protein Dkkl, Dkk2 and 

15 Dkk 3, in mouse embryos occurred during lung development 
(example 1). This suggests that at least these sFRP's and 
Dickkopf proteins are important for the proliferation 
and/or differentiation process of lung cells. Thus in one 
aspect the invention discloses a compound according to 

20 the invention, wherein said Frizzled-related protein is 
sFRP-1, sFRP-2, sFRP-3, and/or sFRP-4. The invention also 
discloses a compound according to the invention, wherein 
said Dickkopf protein is Dkkl, Dkk2 and/or Dkk3. 

25 We have demonstrated that transcription factors of 

the TCF/LEF family are also involved in lung development 
in a mouse (example 1) . Therefore, to influence 
proliferation and/or differentiation of a lung cell, one 
embodiment of the invention provides a compound according 

30 to the invention, which is capable of activating 

expression of at least one transcription factor of the 
TCF/LEF family. Said compound may for instance be an 
enhancer of transcription of a gene encoding said member 
of the TCF/LEF family. Alternatively, said compound may 

35 be a nucleic acid encoding said member of the TCF/LEF 
family. If said nucleic acid is administered to a cell, 
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expression of said member of the TCF/LEF family is 
increased. So one embodiment of the invention discloses a 
compound according to the invention, which at least 
comprises one nucleic acid encoding a transcription 
5 factor of the TCF/LEF family or a functional part, 
derivative and/or analogue thereof. 

We have shown that at least transcription factors 
TCF-1, TCF-3, TCF-4 and/or Lef-1 are involved in lung 
development (table 1) . Thus, one embodiment of the 
10 invention provides a compound according to the invention , 
wherein said transcription factor of the TCF/LEF family 
is TCF-1, TCF-3, TCF-4 and/or LEF-1. 

Forming of new alveolar tissue in patients can be 

15 stimulated by (re) activation of formation of alveolar 
buds. This is an embryologic mechanism that is still 
active in the adult situation but at a much lower level 
(i.e. local concentrations of alveolar type II cells in 
connection with alveolar epithelial cell renewal) . 

20 Formation of alveolar buds is based on active 

proliferation of alveolar type II cells. Formed alveolar 
buds proliferate into surrounding, eventually new 
induced, tissue. As a compound of the invention is 
capable of influencing said proliferation of alveolar 

25 type II cells, one embodiment of the invention provides a 
compound according to the invention, which is capable of 
inducing the formation of an alveolar bud. 

Another important function of alveolar type II cells 
is synthesis and secretion of surfactant. Said surfactant 

30 regulates the surface tension in the alveoli. So a 

compound of the invention is also useful for individuals 
suffering from surfactant deficiency. Said individuals 
may suffer from Respiratory Distress Syndrome. Therefore, 
one embodiment of the invention provides a compound 

35 according to the invention, which is capable of inducing 
synthesis and/or secretion of surfactant by a lung cell. 
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Another embodiment of the present invention provides 
an isolated cell, comprising a compound according to the 
invention. Said compound may comprise a nucleic acid 
5 capable of binding at least a functional part of a 

nucleic acid encoding a protein which is involved in a 
Wnt-pathway in said cell. To provide a cell with said 
nucleic acid, said nucleic acid may be inserted into a 
vector. Thus, one embodiment of the invention provides a 

10 vector comprising a nucleic acid capable of binding at 
least a functional part of a nucleic acid encoding a 
protein which is involved in a Wnt -pathway in a cell, 
said binding influencing said Wnt-pathway. 

A vector of the invention may also comprise a 

15 nucleic acid encoding a protein capable of binding at 

least a functional part of a protein which is involved in 
a Wnt-pathway in a cell, or at least a functional part of 
a nucleic acid encoding a protein which is involved in a 
Wnt-pathway in a cell, said binding influencing said Wnt- 

20 pathway. 

A compound of the invention is particularly suited 
for the preparation of a medicament, especially for lung 
diseases. So in one aspect the invention provides a use 

25 of a compound according to the invention for the 

preparation of a medicament. Lung diseases which can be, 
at least in part, counteracted by a compound of the 
invention comprise emphysema, Respiratory Distress 
Syndrome, and lung cancer. 

30 So in one aspect, the invention provides a use of a 

compound according to the invention for the preparation 
of a medicament for emphysema. 

In another aspect, the invention provides a use of a 
compound according to the invention for the preparation 

35 of a medicament for Respiratory Distress Syndrome. 
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In yet another aspect, the invention provides a use 
of a compound according to the invention for the 
preparation of a medicament for lung cancer, 

5 As a compound of the invention is capable of 

inducing the formation of an alveolar bud, yet another 
embodiment of the invention provides a method for 
inducing the formation of an alveolar bud, comprising 
administering a compound according to the invention to an 

10 alveolar type II cell. 

Yet another embodiment provides a method for 
inducing synthesis and/or secretion of surfactant by a 
cell, comprising administering a compound according to 
the invention to said cell. Said cell may be an alveolar 

15 type II cell. 

As a compound of the ■ invention is, at least in part, 
capable of counteracting lung diseases like emphysema, 
Respiratory Distress Syndrome, and lung cancer, the 

20 invention provides in one aspect a method for, at least 
in part, treatment of emphysema, comprising administering 
a compound according to the invention to an individual. 

In another aspect, the invention provides a method 
for, at least in part, treatment of Respiratory Distress 

25 Syndrome, comprising administering a compound according 
to the invention to an individual. 

In yet another aspect, the invention provides a 
method for, at least in part, treatment of lung cancer, 
comprising administering a compound according to the 

30 invention to an individual. 

In lung cancer, expression of components of the Wnt- 
pathway may be up- or down-regulated in the epithelial, 
mesenchymal or other cells causing enhanced proliferation 
of said cells. If a component of the Wnt-pathway is down- 

35 regulated (e.g. Wnt7a, Calvo et al., 2000), up-regulation 
of said component provides a means to slow down 
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proliferation of said cells. This can be achieved by 
replacement of said component , e.g. by administration of 
cells manipulated to express said Wnt component (e.g. Wnt 
7a) . However, components of a Wnt-pathway may also be up- 
5 regulated in lung cancer cells as is the case in e.g. 

colon cancer cells (Bienz & Clevers, 2000) . Inhibition of 
the activity of said components can be used to reduce 
proliferation of the relevant cells. This may be achieved 
by antisense techniques as described before, e.g. by 

10 local administration in the airways of antisense oligos 
for beta-catenin, or another component of the Wnt-pathway 
that is up-regulated. 

Thus, for treatment of lung cancer, expression of a 
component of the Wnt-pathway may have to be either up- or 

15 down-regulated, depending on the particular component. 

The following, non-limiting, examples are meant to 
illustrate the invention. A person skilled in the art is 
20 capable to perform alternative experiments which are 
still in the scope of the present invention. 
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EXAMPLES 

Example 2. Expression of Wnt -pathway components in 
alveolar epithelium and/or surrounding mesenchyme during 
5 murine lung development 

Animals 

In this study, an inbred Swiss-type mouse strain 
with a gestation time of about 19 days after conception 

10 (a.c.) was used. The embryos were obtained from female 
mice aged about 3 months and weighing 30-40 g. They 
carried 5 to 15 embryos, whose weight was used as a 
parameter of the developmental stage since it is a more 
sensitive indicator than the age in days a.c. A growth 

15 curve based on the relationship between weights and ages 
allowed us to determine what we call the "developmental 
age" of the mouse embryo (Goedbloed, 1976; Ten Have- 
Opbroek et al., 1988), which is indicated in the text for 
all embryos used. 

20 

Processing of the tissue 

The pregnant mice were killed by cervical 
dislocation. The embryos were removed from the uterus and 
weighed to determine the developmental age. Then the 
25 lungs were removed from the mother and the embryos by 
thoracotomy, divided in two portions (the left lung 
consisting of one large lobe, and the right lung composed 
of four lobes) and fixed by immersion in 4% 
paraformaldehyde overnight at room temperature (rt) . 

30 

Whole mount in situ hybridisation (ISH) probes 

Both antisense and sense digoxigenin-labeled RNA 
probes were generated from LEF-1, TCF-1, TCF-3 and TCF-4 
cDNAs, and from sFRP-1, sFRP-2, sFRP-3 and sFRP-4 cDNAs. 

35 
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Whole mount ISH 

After washing for 5 min in PBT (PBS containing 0.1% 
Tween-20), the specimens were dehydrated through a graded 
5 methanol series (25%, 50% and 75% in PBT for 5 min each, 
and 100% 2x for 5 min) and stored in methanol 100% at - 
20°C until use. 

Whole mount ISH was performed essentially as 
described (Wilkinson and Nieto 1993, Wilkinson, 1995; 
10 Nieto et al., 1996) with minor modifications. Afterwards, 
the whole mount ISH samples were sectioned and mounted on 
slides to study the cellular localization of the mRNA 
signal . 

15 Immunohi s tochemistry 

Immunohistochemical staining was performed using the 
avidin-biotin complex (ABC) method with peroxidase 
labeling and 3-3'diaminobenzidine (DAB) as the chromogen 
(VECTOR; Burlingame, CA, USA) . Briefly, the procedure 

20 involves the following steps: 1) hydration of the 

paraffin sections through xylene and a graded ethanol 
series (100-70%, each step lasting 30 rain) and quenching 
of the endogenous peroxidase activity with 100% methanol 
containing 0.4% hydrogen peroxide (H 2 0 2 ) for 20 min at rt; 

25 2) 3 times rinsing in Tris Maleate buffer (TMB, pH 7.6) 
for 1 min at rt and incubation with 10% normal horse 
serum for 1 h at rt; 3) incubation with the primary 
antibody (anti p-catenin, anti LEF-l/TCFs and anti sFRPs; 
all diluted in PBS, pH 7.6) overnight at 4°C and rinsing 

30 in TMB; 4) incubation with a 1:400 dilution of 

biotinylated swine anti-rabbit IgG (DAKO, Denmark) or 
biotinylated horse anti-mouse IgG for 60 min at rt and 
rinsing in TMB; 5) incubation with ABC for 30 min at rt 
and rinsing in TMB; and 6) incubation with TMB containing 

35 0.04% DAB and 0.006% H 2 0 2 for 10 min at rt. Finally, the 
sections were washed in TMB for 1 min and in tap water 
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for 10 rain, then counterstained with hematoxylin fo;r 5 
sec, rinsed in tap water for 10 min, dehydrated through a 
graded ethanol series (70-100%) and xylene and mounted 
with xylene-soluble mounting medium Depex (H.D. SUPPLIES, 
5 England) . 

Immunohistochemical controls were performed on the 
serial mouse fetal lung sections using normal rabbit or 
mouse IgG or serum as the primary antibody, or omission 
of one of the incubation steps. 

10 

RT-PCR analysis 

Total RNA was isolated from lungs dissected from 
embryos and fetuses of different developmental stages (E 
12-E18), neonates, 1 and 3 week olds and adults, using 

15 TriPure Isolation Reagent (Boehringer-Mannheim) . RNA was 
quantified spectrophotometrically . cDNA was synthesized 
using random hexamers (Gibco BRL) and Superscript II 
Reverse Transcriptase (Gibco BRL) . RT-PCR was performed 
with the following conditions: 100 random hexamers 

20 (Gibco BRL) , 1 to 5 fig total RNA, 5 x First-Strand Buffer 
(Gibco BRL), 0.1 M DTT (Gibco BRL), 25 mM dNTPs (Gibco 
BRL) , 40 units RNase OUT and 200 units of Superscript II 
RT (Gibco BRL) in 20 pi total volume. Reverse 
transcription reactions were performed in a Peltier 

25 Thermal Cycler PTC-200 (MJ Research) . Reactions were 
incubated at 25 °C for 10 min to allow the hexamers to 
anneal followed by 50 min 42 °C for reverse 
transcription. PCR was conducted using 5 |il cDNA. PGR 
conditions were as follows: lOx Tfl buffer, 25 mM dNTP, 3 

30 primer and 0.4 units Tfl DNA polymerase (Promega) in a 

total volume of 50 PCR was performed at 1 cycle of 94 

°C for 1 min, followed by temperature cycles varying from 
20 to 35 times: 92 °C for 30 s, 55 °C for 30 s and 72 °C 
for 30 s. This was followed by a final 10 min extension 

35 at 72 °C. 4 ^1 of each reaction was analysed on a 1.5 % 
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agarose gel and visualized by ethidium bromide under UV 
light . Gels were photographed using APPLIGENE INC. imager 
Software version 2.0, 



5 



Example 2. Activation of alveolar type II cells in a 
murine lung by influencing a Wnt-pathway 

10 To provide proof of evidence, a lung organoid 

culture (obtained from a mouse) is used. Generation of 
new alveolar tissue in patients (see p. 9) can be 
stimulated by activation or re-activation of alveolar bud 
formation. Alveolar bud formation is a general growth 

15 principle in both the fetal and the adult mammalian lung. 
As a proof of evidence, it is therefore shown that 
manipulation of expression and/or function of selected 
molecules , involved in a Wnt-pathway, stimulates the 
process of alveolar bud formation. Activation of alveolar 

20 type II cells by influencing a Wnt-pathway is for 

instance demonstrated using anti-sense oligonucleotides. 
These oligonucleotides may be directed against, e.g., 
sFRPs and/or DKKs. One subject of investigation is the 
means of administration of compositions capable of 

25 influencing a Wnt-pathway. The effect of administration 
is investigated using a biological in vitro and/or in 
vivo test-system, preferably the above-mentioned murine 
organoid lung culture. 

The fetal murine organoid lung culture is generated 

30 using the protocol of prof. Zimmermann, Freie 

Universitat, Berlin (Zimmermann, 1987; Zimmermann, 1989; 
Hundertmark et al., 1999). The presence of molecules 
involved in a Wnt-pathway in said murine lung culture is 
tested using molecular-biological methods as, e.g., in 

35 situ hybridisation and/or immunohistochemistry. Once said 
molecules involved in a Wnt-pathway are found, anti-sense 
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oligonucleotides against said molecules are generated. 
Modified stable anti-sense oligonucleotides are produced 
using existing protocols (Augustine et al., 1995; Dagle 
et al,, 2000; Heasman et al., 2000) with adaptations 
5 and/or are obtained commercially. After that, the in 

vitro effect of said generated oligonucleotides is tested 
in the fetal murine lung culture. Said oligonucleotides 
are administered to the culture medium in different 
concentrations. The effective concentration of the 

10 administered oligonucleotides, capable of influencing 
formation of alveolar tissue, is determined 
experimentally using morphological and/or biochemical 
techniques. For instance, sections from treated alveolar 
tissues and untreated controls are investigated by 

15 histochemistry, immunohistochemistry and/or morphometry. 
Criteria are for instance the ratio between primordial 
lung cells and alveolar type II cells in the lung buds, 
and/or the increase of the number of alveolar type II 
cells, and/or proliferating alveolar type II cells, per 

20 cm basal membrane. Other criteria include the number of 
alveolar spaces, the size of the gas exchange surface, 
and the weight and/or volume of the lung (Otto-Verberne 
et al., 1991; Brandsma et al., 1994; Heemskerk-Gerritsen 
et al., 1996). Additional information on alveolar type II 

25 cell differentiation is obtained by electronmicroscopic 
research, by biochemical investigation, like for instance 
surfactant protein A (SP-A) detection in the culture 
medium and/or by detection of relevant RNAs using in situ 
hybridization (ISH) and polymerase chain reaction (PGR) . 

30 Similar approaches are used for biological test-systems 
in neonatal and/or adult murine lungs. 

Preferably, results concerning the formation of 
alveolar tissue are obtained using anti-sense 
oligonucleotides, or combinations of anti-sense 

35 oligonucleotides, which disturb the type II cell 
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equilibrium. More preferably, said oligonucleotides 
inhibit differentiation in favour of proliferation. 

5 Organoid lung cultures 

The murine organoid lung culture is generated using 
the protocol of prof, Zimmermann, Freie Universitat, 
Berlin (Zimmermann, 1987; Zimmermann, 1989; Hundertmark 
et al., 1999), Briefly, the lungs are homogenized and the 
10 homogenates are cultured for 2 to 3 weeks. 

Oligonucleotides 

Modified stable anti-sense oligonucleotides are 
15 produced using existing protocols and/or obtained 

commercially. (Augustine et al., 1995; Dagle et al., 

2000; Heasman et al. f 2000). 

Controls: As a control of said oligonucleotides 

sense and/or mismatch and/or scrambled control 
20 oligonucleotides are either produced or obtained 

commercially. For exploration purposes some of these 

oligos are provided with a fluorescein label. 

Means of administration: The nucleotides are 

administered using, e.g., osmotic and/or scrape delivery 
25 and/or syringe loading and/or enzyme treatment and/or 

electroporation and/or by poly ethylenimines e.g. EPEI or 

ExGen 500. 

Effective concentration: The effective concentration 
of the oligonucleotides is determined by the biological 
30 criteria mentioned above. 

RT-PCR analysis 

Total RNA was isolated from the murine organoid lung 
cultures using TriPure Isolation Reagent (Boehringer- 
35 Mannheim) . RNA was quantified spectrophotometrically. 
cDNA was synthesized using random hexamers (Gibco BRL) 
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and Superscript II Reverse Transcriptase (Gibco BRL) . RT- 
PCR was performed with the following conditions: 100 ^iM 
random hexamers (Gibco BRL), 1 to 5 fig total RNA, 5 x 
First-Strand Buffer (Gibco BRL) , 0.1 M DTT (Gibco BRL) , 
5 25 mM dNTPs (Gibco BRL), 40 units RNase OUT and 200 units 
of Superscript II RT (Gibco BRL) in 20 \xl total volume. 
Reverse transcription reactions were performed in a 
Peltier Thermal Cycler PTC-200 (MJ Research) . Reactions 
were incubated St 25 °C for 10 min to allow the hexamers 

10 to anneal followed by 50 min 42 °C for reverse 

transcription. PCR was conducted using 5 \xl cDNA. PCR 
conditions were as follows: lOx Tfl buffer, 25 mM dNTP, 3 
\>M primer and 0.4 units Tfl DNA polymerase (Promega) in a 
total volume of 50 jil. PCR was performed at 1 cycle of 94 

15 °C for 1 min, followed by temperature cycles varying from 
20 to 35 times: 92 °C for 30 s, 55 °C for 30 s and 72 °C 
for 30 s. This was followed by a final 10 min extension 
at 72 °C. 4 \xl of each reaction was analysed on a 1.5 % 
agarose gel and visualized by ethidium bromide under UV 

20 light. Gels were photographed using APPLIGENE INC. imager 
Software version 2.0. 



Example 3. Expression of Wnt signalling pathway 
25 components in human lung tissues 

Human lung tissues 

Normal control and diseased (notably emphysematous, 
cancerous) human lung tissue is obtained by surgery. 

30 

RT-PCR analysis 

Total RNA was isolated from normal and emphysematous 
lung tissue from adult human lungs using TriPure 
Isolation Reagent (Boehringer-Mannheim) . RNA was 
35 quantified spectrophotometrically and cDNA was 
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synthesized using random hexamers (Gibco BRL) and 
Superscript II Reverse Transcriptase (Gibco BRL) . RT-PCR 
was performed with the following conditions: 100 \*M 
random Hexamers (Gibco BRL) , 1 to 5 fig total RNA f 5 x 
5 First-Strand Buffer (Gibco BRL), 0.1 M DTT (Gibco BRL), 
25 mM dNTPs (Gibco BRL) , 40 units RNase OUT and 200 units 
of Superscript II RT (Gibco BRL) in 20 |il total volume. 
Reverse transcription reactions were performed in a 
Peltier Thermal Cycler PTC-200 (MJ Research) . Reactions 

10 were incubated at 25 °C for 10 min to allow the hexamers 
to anneal followed by 50 min 42 °C for reverse 
transcription. PCR was conducted using 5 yl cDNA. PCR 
conditions were as follows: lOx Tfl buffer, 25 mM dNTP, 3 
HM primer and 0.4 units Tfl DNA polymerase (Promega) in a 

15 total volume of 50 \il m PCR was performed at 1 cycle of 94 
°C for 1 min then a temperature cycle varies from 20 to 
35 times: 92 °C for 30 s f 55 °C for 30 s and 72 °C for 30 
s. This was followed by a final 10 min extension at 72 
°C. 4 nl of each reaction was analysed on a 1.5 % agarose 

20 gel and visualized by etidium bromide under UV light. 
Gels were photographed using APPLIGENE INC. The imager 
Software version 2.0. 
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Results: 



Example 1. Expression of Wnt-pathway components in 
alveolar epithelium and/ or surrounding mesenchyme during 
5 murine lung development 



1) Whole mount ISH data: 

TCF-1 mRNA was clearly expressed around 11 days 

10 a.c, and it reached the maximum levels between 13 and 15 
days a.c. Interestingly, TCF-1 mRNA expression remained 
slightly positive through 16, 17 and 18 days a.c, and 
also in the adult lung. mRNA coding for TCF-3 was found 
to be expressed as early as 10 days a.c. Its expression 

15 levels were high from 12 days a.c. till 16 days a.c, and 
began to decrease between 17 and 18 days a.c. Regarding 
TCF-4 mRNA expression, similar to those of TCF-3, it was 
present already at 10 days a.c. and achieved the highest 
levels around 12 days a.c. However, in contrast to the 

20 other transcription factors studied, at 13 days a.c. the 
TCF-4 mRNA expression declined and it was nearly negative 
at 14 days a.c. Finally, mRNA coding for LEF-1 was found 
positive at 11 days a.c. The signal was elevated during 
12, 13, 14 and 15 days a.c. At 16 days a.c, LEF-1 mRNA 

25 expression decreased and was negative at 17 d.a.c. 



2) Sections of the whole mount ISH samples: 

The sectioning of the whole mount ISH samples showed 
the cellular localization of the mRNA expression for the 

30 TCFs/LEF-1 transcription factors. TCF-1 mRNA expression 
appeared to be located in the mesenchymal cells in close 
proximity to the alveolar epithelial cells, but also in 
the apical cytoplasmic areas of the epithelial cells 
lining the lung priraordia and acinar tubules. For TCF-3, 

35 the mRNA expression was present mainly in the apical side 
of the alveolar epithelial cells, similar to the signal 
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corresponding to TCF-4 mRNA. Finally, LEF-1 mRNA 
expression was located just in the mesenchyme around the 
epithelial lining of the lung primordia and acinar 
tubules, 

5 

Protein expression of fi-catenin, LEFl/TCFs and sFRPs 
during murine lung development. 

At 13 days a.c, the protein expression 
corresponding to p-catenin was found to be present in the 
10 cell junctions of the prospective bronchial epithelium, 
while the alveolar epithelial cells lining the acinar 
tubules (prospective respiratory epithelium) showed p- 
catenin protein expression in the cytoplasm as well as in 
the nuclei. Later on during development (around 17 days 
15 a.c.), the differentiating alveolar type I cells were 
negative for the expression of this protein, while some 
alveolar type II cells were still positive. 

LEF-1 /TCFs protein cytoplasmic expression was 
present in the epithelial cells (prospective bronchial 
20 and respiratory epithelium and/or in the mesenchyme) at 
13 days a.c. At 17 days a.c, some TCF expression was 
still present in the alveolar type II cells. 

For sFRP-protein, a slight expression was located 
mainly in the cytoplasm of the epithelial cells lining 
25 both the prospective bronchial and respiratory 

epithelium, but also in the mesenchyme, at 13 days a.c. 
The alveolar type II cells together with the 
differentiating alveolar type I cells were found. to be 
negative for sFRPs protein expression at 17 days a.c- 

30 

Expression of sFRP-1, sFRP-2, sFRP-3 and sFRP-4 mRNA 
during murine lung development (Table 2) . 

35 Whole mount ISH data: 
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Both sFRP-1 and sFRP-2 were found to be expressed 
early in the embryonic lung, while sFRP-3 was not present 
at any developmental age. SFRP-1 and sFRP-2 mRNA 
expression was present at 10 days a.c, persisted through 
5 11 and 12 days a.c, and declined around 13 days a.c. As 
deduced from the whole mount expression pattern, it was 
located in the connective tissue around the epithelial 
cells of the lung buds and primordia. For sFRP-4, the 
mRNA was found during the same period of embryonic 
10 development, but the expression pattern indicated an 
epithelial localization, notably in the apical side of 
the cytoplasm. 



15 We examined the expression and protein distribution 

of several Wnt pathway components during prenatal mouse 
lung development using whole-mount in situ hybridization 
and immunohistochemistry . Between embryonic days 10.5 and 
17.5 (E10 . 5-E17 . 5) , p-catenin was localized in the 

20 cytoplasm, and often also the nucleus, of the 
undifferentiated primordial epithelium (PE), 
differentiating alveolar epithelium (AE) (present from 
E14.5 onward), and adjacent mesenchyme. Tcfl r Lefl, Tcf3, 
Tcf4, sFrpl, sFrp2 and sFrp4 were also expressed in the 

25 PE, AE, and adjacent mesenchyme in specific spatio- 
temporal patterns. 



These results have been published in the December 
issue of Tebar et al., Mechanisms of Development, vol. 
30 109/2, 437-440, 2001 (incorporated herein by reference). 



RT-PCR 

Expression of sFrpl, sFrp2, sFrp3, sFrp4, Dkkl, 
35 Dkk2, Dkk3, Fzl, Fz2, Fz3, Fz4, Fz5, Fz6, Fz7, Fz8, Fz9 f 
p-catenin, Tcfl, Lefl, Tcf3 and Tcf4, differentiation 
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markers SP-A and SP-C, and control RNAs p-actin and 
GAPDH, was found in lungs dissected from mice of all ages 
analyzed, i.e., E12, E13 f E14, E15, E16, E17, E18, 
neonates , 1 week olds, 3 week olds and adults. 
5 Potential differences in expression levels were 

found for SP-A, SP-C and sFrp3. Expression of different 
isoforms was found for Tcf-1 and Lef-1. 

10 

Example 2. Activation of alveolar type II cells in a 
murine lung by influencing a Wnt-pathway 

In the murine lung cultures, the oligonucleotides 

15 were found to be delivered to embryonic, neonatal, and/or 
adult lung cells or to pools of mixed ages within 3 hours 
following their administration. At that time (day 0), the 
lung cells were dispersed throughout the wells and did no 
show any (alveolar or other) pattern formation. On day 1, 

20 control cultures of lung cells of single or mixed ages 
showed no changes or, sometimes, a single greyish/black 
area (Fig. 1A) . However , stimulation with bovine 
pituitary extract (BPE; containing growth factors such as 
the keratinocyte growth factor capable of inducing 

25 epithelial growth/differentiation) resulted in the 

development of more greyish/black areas, representing 
developing airspaces (Fig. IB) . The use of sFRP-3 anti- 
sense oligonucleotide (Fig. 1C) and Dkk-1 anti-sense 
oligonucleotide (Fig. ID) also led to the formation of 

30 air spaces. Sham treatment of the lung cells with control 
oligonucleotides did not influence the culture morphology 
beyond control level, see Fig. 1A. 

The developing airspaces were quantified over time. 
As mentioned above, only one or even no airspaces were 

35 present in the control wells at day 1. This outcome did 
not change markedly during the culture. In the BPE 
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treated wells there were on average at least five 
developing airspaces visible, which number again did not 
change markedly over time. 

In the sFRP-3 and Dkk-1 treated wells, however, on 
5 average the number of developing airspaces increased from 
6 and 9, respectively, to 11 and 14 already at 6 days in 
vitro. 

In other sets of experiments, the Dkk-1 anti-sense 
oligonucleotide - by inhibiting the Wnt pathway inhibitor 

10 Dkk-1 from expression - again led to the formation of 
additional airspaces. As shown in Figure 2 (6 days in 
culture) , the control mixed organoid lung culture (A) 
showed a low level of airspace formation, whereas in the 
BPE stimulated wells (B) the level of airspace formation 

15 was much higher. The Dkk-1 stimulated wells (D) also 

showed many airspaces, although on the average smaller in 
size than the BPE stimulated wells. The number of these 
airspaces was higher than that in the control wells. The 
sFRP-1 anti-sense oligonucleotide (C) on the other hand 

20 seemed to inhibit airspace formation. 

In conclusion , it is shown that the use of anti- 
sense oligonucleotides inhibiting some inhibitors of the 
Wnt pathway influences the development of airspaces in 
the developing murine lung. 

25 



RT-PCR (OLC, mouse) 

Expression of sFrpl, sFrp2, sFrp3, sFrp4, Dkkl, 

30 Dkk2, Dkk3 and Lef-1, differentiation markers SP-A and 
SP-C, and control RNAs p-actin and GAPDH was found in 
organoid lung cultures, cultured for different times 
and/or under different conditions (with BPE; with anti- 
sense oligonucleotides for sFrpl, sFrp2, sFrp3, sFrp4, 

35 Dkkl, Dkk2 or Dkk3; or combinations thereof) . 
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Example 3. Expression of Wnt signalling pathways 
components in human lung tissues 

5 RT-PCR (emphysematous lungs from patients; control lungs) 
Expression of sFRPl was observed in one normal lung 
specimen, while another was negative. Of three specimens 
of emphysematous lung two were positive for sFRPl and one 
was negative. Expression of sFRP2, sFRP3 and sFRP4 was 
10 positive in all five samples, while SFRP5 was negative in 
all five samples. 

Dkk-1 was found not to be expressed in two samples 
of normal lung tissue and 3 samples of emphysematous lung 
tissue. 

15 Dkk-2 and Dkk-3 were found to be expressed in all 

samples of normal and emphysematous lung tissue. Dkk-4 
expression was observed in one of two normal lung 
specimens (the same specimen that was positive for sFRPl) 
while the other normal sample was negative. 

20 All three emphysematous lung samples were found 

negative for Dkk-4 expression. 
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Brief description of the drawings 

Figure 1. Overview of murine organoid lung culture wells 
5 containing lung cells of various gestation times and 
neonatal and adult lung cells after 1 day in culture. 
A, control; B, BPE treated; C, sFRP-3 oligo treated; 
D, Dkk-1 oligo treated, 

10 Figure 2. Overview of murine organoid lung culture wells 
containing lung cells ofvarious gestation times and 
neonatal and adult lung cells after 6 days in culture. 
A, control; B, BPE treated; C, sFRP-1 oligo treated; 
D, Dkk-1 oligo treated. 
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Claims 



1. A composition capable of influencing the 

5 proliferation and/or differentiation behavior of an 

alveolar type II cell and/or an alveolar type II 
tumor cell from a lung, comprising a nucleic acid 
capable of binding at least a functional part of a 
nucleic acid encoding a protein which is involved in 
10 a Wnt-pathway in said cell, said binding influencing 

said Wnt-pathway. 

2. A composition capable of influencing the 
proliferation and/or differentiation behavior of an 
alveolar type II cell and/or an alveolar type II 

15 tumor cell from a lung, comprising a protein capable 

of binding at least a functional part of a protein 
which is involved in a Wnt-pathway in said cell, or 
at least a functional part of a nucleic acid encoding 
a protein which is involved in a Wnt-pathway in said 

20 cell, said binding influencing said Wnt-pathway. 

3. A composition according to claim 1 or 2, wherein said 
cell is located inside a body of a human or animal. 

4. A composition according to anyone of claims 1-3, 
wherein said Wnt-pathway is upregulated. 

25 5. A composition according to claim 4, which is at least 
in part capable of inhibiting expression of at least 
one secreted Frizzled-related protein and/or Dickkopf 
protein. 

6. A compound according to claim 5, which at least 
30 comprises one antisense strand of at least a 

functional part of DNA and/or RNA encoding at least 
part of secreted Frizzled-related protein and/or 
Dickkopf protein. 

7. A compound according to anyone of claims 1-6, which 
35 is capable of at least in part counteracting a Wnt- 
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pathway inhibiting property of at least one secreted 
Frizzled-r elated protein and/or Dickkopf protein. 

8. A compound according to anyone of claims 1-7, which 
is capable of binding to at least one secreted 
Frizzled-related protein and/or Dickkopf protein. 

9. A compound according to anyone of claims 1-8 , which 
comprises an antibody comprising a binding 
specificity against a secreted Frizzled-related 
protein and/or Dickkopf protein, or a functional 
part, derivative and/or analogue of said antibody. 

10. A compound according to anyone of claims 5-9, wherein 
said Frizzled-related protein is sFRP-1, sFRP-2, 
sFRP-3, and/or sFRP-4. 

11. A compound according to anyone of claims 5-10, 
wherein said Dickkopf protein is Dkkl, Dkk2 and/or 
Dkk3. 

12. A compound according to anyone of claims 1-11, which 
is capable of activating expression of at least one 
transcription factor of the TCF/LEF family. 

13. A compound according to anyone of claims 1-12, which 
at least comprises one nucleic acid encoding a 
transcription factor of the TCF/LEF family or a 
functional part, derivative and/or analogue thereof. 

14. A compound according to claim 12 or 13, wherein said 
transcription factor of the TCF/LEF family is TCF-1, 
TCF-3, TCF-4 and/or LEF-1. 

15. A compound according to anyone of claims 1-14, which 
is capable of inducing the formation of an alveolar 
bud. 

16. A compound according to anyone of claims 1-15, which 
is capable of inducing synthesis and/or secretion of 
surfactant by a lung cell. 

17. An isolated cell, comprising a compound according to 
anyone of claims 1-16. 

18. A vector comprising a nucleic acid capable of binding 
at least a functional part of a nucleic acid encoding 
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a protein which is involved in a Wnt -pathway in a 
cell / said binding influencing said Wnt -pathway. 

19. A vector comprising a nucleic acid encoding a protein 
capable of binding at least a functional part of a 

5 protein which is involved in a Wnt -pathway in a cell f 

or at least a functional part of a nucleic acid 
encoding a protein which is involved in a Wnt-pathway 
in a cell, said binding influencing said Wnt-pathway. 

20. Use of a compound according to anyone of claims 1-16 
10 for the preparation of a medicament. 

21. Use of a compound according to anyone of claims 1-16 
for the preparation of a medicament for emphysema. 

22. Use of a compound according to anyone of claims 1-16 
for the preparation of a medicament for Respiratory 

15 Distress Syndrome. 

23. Use of a compound according to anyone of claims 1-16 
for the preparation of a medicament for lung cancer. 

24. A method for inducing the formation of an alveolar 
bud, comprising administering a compound according to 

20 anyone of claims 1-16 to an alveolar type II cell. 

25. A method for inducing synthesis and/or secretion of 
surfactant by a cell, comprising administering a 
compound according to anyone of claims 1-16 to said 
cell. 

25 26. A method according to claim 25, wherein said cell is 

an alveolar type II cell. 
27. A method for, at least in part, treatment of 

emphysema, comprising administering a compound 

according to anyone of claims 1-16 to an individual. 
30 28. A method for, at least in part, treatment of 

Respiratory Distress Syndrome, comprising 

administering a compound according to anyone of 

claims 1-16 to an individual. 
29. A method for, at least in part, treatment of lung 
35 cancer, comprising administering a compound according 

to anyone of claims 1-16 to an individual. 
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